Objective: To delineate the temporal patterns of outcome and to determine the probability of seizure freedom with successive antiepileptic drug regimens in newly diagnosed epilepsy.
Seventy million people have epilepsy, with 34 -76 per 100,000 developing the condition every year. 1 To formulate rational treatment plans, it is important to understand the different clinical courses and patterns of response to antiepileptic drugs (AEDs), ideally by following outcomes from the point of treatment initiation. Most studies conducted at specialist centers were limited by selection bias toward patients with chronic refractory epilepsy. [2] [3] [4] [5] The few reported cohorts of newly diagnosed patients tended to include only children 6, 7 or focus on response over time irrespective of treatment status. 8 We have previously reported outcomes in adolescent and adult patients with newly diagnosed epilepsy. 9, 10 Over the ensuing years many new AEDs have become available, but their impact on the overall prognosis of epilepsy remains unclear. The main objectives of the present analysis were to delineate the temporal patterns of seizure outcome and to determine the probability of seizure freedom with successive regimens in an expanded cohort of 1,098 newly diagnosed patients, who were recruited between 1982 and 2006 and followed for up to 26 years. METHODS Patients. Patients in whom epilepsy was diagnosed and the first AED prescribed at the Epilepsy Unit in the Western Infirmary in Glasgow, Scotland, between July 1, 1982, and April 1, 2006 , were included in the analysis. All were followed up prospectively until March 31, 2008, or death. Patients with persistent poor adherence to treatment (unrelated to efficacy or tolerability), seizures secondary to drug or alcohol abuse, or psychogenic nonepileptic seizures were excluded. The source of referrals, approach to evaluation and treatment, and follow-up arrangements have been described previously. 9 Most were referred by their primary care physicians with less than 10% by the hospital's accident and emergency department. The study population included the patients analyzed in our previous reports (n ϭ 470 and 890, respectively), 9, 10 thus expanding the cohort and extending the follow-up period.
Treatment. Upon diagnosis, an appropriate AED was chosen taking into account seizure type and side-effect and interaction profiles. 11 In principle, treatment was commenced after 2 or more seizures, 10 although it was infrequently (Ͻ5%) also offered to patients who experienced 1 seizure if there was evidence of enduring alteration in the brain that increased the likelihood of future seizures such as a structural abnormality. 12 We adopted a staged approach to epilepsy management. In general, if the first AED is poorly tolerated at low dosage or fails to improve seizure control, an alternative should be substituted. If the first welltolerated AED greatly improved, but does not completely abolish the seizures, combination therapy could be tried. 13 Reasons for poor adherence to treatment were thoroughly explored, and drug levels were checked as clinically indicated. 14 If a problem arose between scheduled appointments, the patient or the primary care physician could contact the Epilepsy Unit using a dedicated telephone line. Drug doses were adjusted as clinical circumstances dictated, with particular attention being paid to efficacy and tolerability. Patients were treated with a single drug whenever possible. 15 Treatment was changed if seizures continued or if the patient developed an idiosyncratic reaction or reported intolerable adverse effects. A combination of drugs could be used if the epilepsy remained uncontrolled despite treatment with monotherapy trials. 16 Definitions. Seizures and epileptic syndromes were classified according to the guidelines of the International League Against Epilepsy (ILAE). 17, 18 The epilepsy was classified as idiopathic, symptomatic, or cryptogenic, according to the putative cause and depending on factors such as age, type of seizure, family history, electroencephalographic changes, and presence or absence of an anatomic brain lesion. Idiopathic epilepsies were presumed to have a genetic origin. Symptomatic epilepsies were considered to be the consequence of an identified structural abnormality. Cryptogenic epilepsy was presumed to be due to an unidentified focal abnormality on the basis of clinical information and results of investigations. Patients were considered seizure-free if they experienced no seizures for at least the previous year on unchanged treatment. Time to seizure freedom was expressed as the time to the start of a seizure-free period of a year or more. An AED regimen was defined as a trial of either a single drug (monotherapy) or a combination of 2 or more drugs. Thus the first regimen was always monotherapy, whereas the second regimen could be an alternative monotherapy, or a combination of the first monotherapy together with a second AED, and so on.
Patterns of outcome over time.
Seizure outcomes were classified into 4 mutually exclusive temporal patterns. In pattern A, patients became seizure-free early (either immediately after or within 6 months of commencing treatment) and remained so throughout follow-up. In pattern B, seizure freedom was delayed for more than 6 months after starting treatment but patients remained seizure-free throughout follow-up. Patients with pattern C outcome had a fluctuating course with periods of seizure freedom (some immediate) lasting more than a year interspersed with relapses. These patients were either seizure-free or not at the time of analysis. Patients exhibiting pattern D never became seizure-free for any complete year.
Statistical analysis. Continuous demographic variables were summarized using the median, interquartile range (IQR), and range. Categorical variables were summarized using counts and percentages. Kruskal-Wallis and Pearson 2 tests were employed to compare continuous and categorical variables among the outcome patterns. All tests were 2-sided. A competing risks analysis of time to seizure freedom at the end of the study was carried out accounting for the competing risk of death. Cumulative incidence curves for time to final seizure-free period were constructed. 19 Patients not seizure-free (or dead) were censored at March 31, 2008. Previous seizure-free periods were discounted if there had been a relapse before the end of the study, although all seizure-free periods contributed to the outcome pattern analysis. The cumulative incidence curves for time to final seizure-free period were compared for different numbers of drug regimens using Gray's test. 20 Because they have similar prognoses, 9 patients with symptomatic and cryptogenic epilepsies were combined in some of the subgroup analyses under the general heading of localization-related epilepsies.
RESULTS
A total of 1,098 untreated patients (575, 52% male), who were prescribed their first AED on being diagnosed with epilepsy, were included (outcome of 890 patients up to May 2003 had been reported previously 10 ). Their median age at treatment initiation was 32 years (range 9 -93; IQR 20 -51). Epilepsy was classified as idiopathic in 251 (23%), symptomatic in 447 (41%), and cryptogenic in 400 (36%) patients. Among the 208 patients who were commenced on treatment between 9 and 18 years of age (inclusive), epilepsy was classified as idiopathic in 110 (52.9%), symptomatic in 33 (15.9%), and cryptogenic in 65 (31.2%). Seventy-six (7%) patients (46 seizure-free, 30 uncontrolled) died during the study period (12 within 2 years of starting treatment). Seven died of sudden unexplained death in epilepsy (2 seizure-free) and the others died from nonepilepsy-related causes. Excluding the 12 patients who died within 2 years of starting treatment, the median duration of follow-up was 7.5 years (IQR 4.7-12.0) since starting treatment.
Outcome at last follow-up. At the time of the last clinic visit, 913 (83%) patients were receiving treatment with 1 AED. The remaining 185 (17%) patients took a combination of 2 or more drugs. A total of 543 (49%) patients remained seizure-free on their first AED; 398 were treated with a second regimen (as monotherapy in 254, in combination with the first drug in 144), 146 (37%) of whom became seizure-free. The corresponding seizure-free rates for those receiving between 3 and 9 regimens are listed in table 1. Just 70 (6%) patients remained seizurefree on more than 1 drug, with the majority (67 patients) taking 2 drugs. Only 2 patients were controlled on 3 drugs and 1 on 4.
A total of 749 patients (68% of 1,098) were seizurefree at the end of the study. Based on the cohorts followed up for at least the respective number of years at the end of the study, 69% (747/1,086), 61% (461/ 759), and 52% (188/360) of patients remained seizure-free continuously for at least 2, 5, and 10 years, respectively (longest 25 years).
Outcome over time. Figure 1 displays the progress of the patient population in terms of seizure outcome over time. Outcome pattern A was observed in 408 (37%) patients, who either became seizure-free immediately (n ϭ 262; 24%) or within 6 months of commencing treatment with their first AED (n ϭ 146; 13%). Among these 146 patients, 105 received 1 regimen, 37 were given 2, and 4 required 3. These Outcome pattern B was observed in 246 (22%) patients who continued to report seizures after commencing treatment for more than 6 months, but later became and remained seizure-free until the end of follow-up. The median time to seizure freedom in this group was 15.4 months (range 6 -216; IQR 10 -27), while the median duration of the seizure-free period was 64.5 months (range 12-287; IQR 38 -109).
A total of 172 patients (16%) demonstrated a more fluctuating course (outcome pattern C). After attaining a seizure-free period of a year or more (either early [immediately, n ϭ 88; within 6 months after initial recurrence, n ϭ 28] or with a delay [after 6 months, n ϭ 56]), they had up to 5 periods of relapse (149 had 1 period of relapse, 17 had 2, 4 had 3, 1 had 4, and 1 had 5) intercalated with periods of seizure freedom. The median duration of seizure freedom before relapse was 30 months (range 12-154; IQR 19 -53). Among patients with outcome pattern C, 77 (45%) had not attained seizure freedom at the last follow-up visit. Patients who became seizure-free early (immediately or within 6 months of commencing treatment after initial recurrence) were just as likely to relapse (116/524, 22%) as those who did so after a delay of more than 6 months (56/302, 19%; p ϭ 0.26).
A total of 272 (25%) patients never became seizure-free for any complete year throughout follow-up (pattern D), among whom 154 had tried 2 or more AEDs rising to a maximum of 9 regimens in 2 patients.
Patients with outcome patterns A and D had a slightly older age at epilepsy onset (median age 34 and 36 years, respectively) compared to those with patterns B and C (median age 31 and 28 years, re-spectively). There were slightly more men among patients with pattern A and more women among those with pattern D. Epilepsy syndrome classification was not associated with any particular outcome pattern (table 2) .
Response to successive drug regimens. Survival analysis over time confirmed that the chance of seizure freedom declined with the number of AED regimens. There was a significant difference in overall probability of seizure freedom between patients treated with 1 and with 2 regimens ( p Ͻ 0.001) (figure 2A) . The difference was equally marked when comparing those receiving treatment with 2 and 3 regimens ( p Ͻ 0.001). This was not statistically significant when comparing patients treated with 3, 4, and 5 regimens, although a trend could still be observed. When stratifying the analysis according to epilepsy syndrome classification, patients were grouped into 1, 2, or Ն3 regimens owing to small group sizes for 3, 4, or 5 regimens. Similar differences in probability of seizure freedom among patients taking 1, 2, or Ն3 regimens was noted, although a greater difference between 1 and Ն3 regimens was observed for localization-related (symptomatic or cryptogenic) epilepsy compared with the idiopathic group (figure 2, B and C). DISCUSSION By utilizing the high volume of referrals from primary care physicians, this study included a large number of patients at the point of treatment initiation with a long duration of follow-up. Most modern studies exploring response to sequential treatment regimens in adults have been conducted at single epilepsy centers. 5, 21, 22 As a result, they typically followed patients who had already failed at least 1 or 2 drug regimens and were in need of specialist intervention. Hence, sample sizes tended to be small. The British National General Practice Study of Epilepsy (NGPSE), which recruited over 500 newly diagnosed patients (mainly adults) from the community, last reported seizure freedom rates in the 1990s before many of the newer AEDs became available, and did not analyze relapse rates or sequential responses. 8 Both approaches of including newly diagnosed and chronic cohorts have strengths and weaknesses. The former is more representative of the general patient population, but recruitment of a sufficiently large sample often requires multicenter involvement (275 primary care practices in the case of NGPSE) with the associated challenges in quality control or a long duration of recruitment. The latter cohort can be assembled relatively quickly from specialist centers. However, the findings are largely relevant to patients whose epilepsy has already demonstrated a poor prognosis and in whom a history of drug response prior to enrollment cannot be reliably guaranteed. These approaches should, therefore, be regarded as different but complementary. Their findings are valuable in synthesizing a better understanding of how different epilepsies respond to different AED schedules. The present study with increased number of patients substantiated previous results 9, 10 and extended the analysis of treatment outcomes and patterns. We observed 4 distinct outcome patterns in patients with newly diagnosed epilepsy. A constant course was apparent in 62% of patients, who either became and remained seizure-free shortly after commencing treatment (outcome pattern A, 37%) or had persistent seizures despite repeated trials of different medications used singly or in combination (outcome pattern D, 25%). Prognosis in the other 38% of patients was less predictable, although 22% appeared to enter remission after a delay varying between 6 months and 18 years (outcome pattern B). The remaining 16% had a "remitting-relapsing" course (outcome pattern C), fluctuating between periods of seizure freedom and recurrence. Recognizing the latter 2 outcome patterns is important because they suggest that drug response can be a dynamic process.
Our observation of a "remitting-relapsing" course in approximately 1 in 6 of patients corresponds well with data from studies in chronic cohorts, in which seizure freedom could be achieved even after failure of 2 or more medications at a rate of approximately 3%-5% per year, although the epilepsy subsequently relapsed within 5 years in up to 80% of these patients. 5, 19, 22 Relapse was often not temporally related to medication change or environmental triggers, suggesting that other unknown factors came into play after a significant period of seizure freedom. This is perhaps not surprising since AEDs treat the symptoms (seizures) but not the cause of the epilepsy. 23 In the present cohort, patterns of outcome were not associated with epilepsy syndrome classification, and patient groups differed little in age at onset and gender distribution. Multivariate analyses in other studies have consistently shown that seizure freedom and relapse were not associated with a range of clinical factors including age, gender, epilepsy syndrome, and preremission seizure frequency, but only predicted by the number of drug regimens failed. 5, 21 The progressive decline in the likelihood of producing seizure freedom with successive AED regimens was clearly demonstrated in the present study, most markedly from the first to the third treatment schedule. These differences did not reach statistical significance thereafter, probably owing to the smaller number of patients trying more than 3 regimens. This pattern of response was particularly impressive in patients with localization-related epilepsies, who should, therefore, be evaluated early for resective surgery. 24 Nonetheless, we did find that a few patients (2%) could demonstrate a lasting response to their fourth, fifth, sixth, or even seventh regimen (but none beyond), whether as monotherapy or in a combination. This observation concurs with the view that, at least in the short term, prognosis for patients who do not respond to their first few drug regimens should not always be viewed nihilistically. 21 Even if other treatment options, such as surgery, are not appropriate, further pharmacologic modifications can still occasionally produce a worthwhile and sustained response. 25 Despite being the largest studied cohort of newly diagnosed patients with a follow-up duration of up to 26 years, the present analysis has highlighted some of the major challenges in studying seizure outcomes in epilepsy. Cohorts of this size still have limited statistical power to identify predictive factors for the various outcome patterns. Another challenge is the classification of different outcomes, which was dichotomized in the present study into absolute seizure freedom or not, although it can be argued that seizure frequency should be regarded as a continuous trait. Moreover, different cutoff points can be chosen according to the purpose of the analysis (e.g., selecting patients for epilepsy surgery, designing an epidemiologic study). We chose our definition of seizure freedom (Ն12 months) prior to the publication of the ILAE's consensus which requires no seizures for 12 months or 3 times the longest pretreatment interseizure interval, whichever is longer. 26 Using the latter definition would be more rigorous in patients with infrequent seizures, but applying the former has facilitated comparison with previous reports. In addition, 1 year as the minimum duration of seizure-free has been consistently associated with meaningful improvement in quality of life. 26 There is limited evidence endorsing improved outcomes in the common adult epilepsies over the past 20 years despite the global introduction of more than 12 new AEDs. 27 Compared with our initial analysis in the first 470 patients of this expanding cohort, 28 the seizure-free rate 10 years later has increased from 64% to 68%. One interpretation of this observation could be that these patients have been followed up for longer, thus allowing them more time to become seizure-free. This difference could also be explained by an increase in successful combination therapy (usually just 2 drugs), rising from 3% to 6% over the past decade, implying a positive, albeit limited, effect of the introduction of a range of newer agents as add-on treatment.
This analysis illustrates that there are identifiable outcome patterns in newly diagnosed epilepsy, and that treatment resistance can be defined successively after the failure of 2 drugs. Nevertheless, all hope for a good prognosis is not lost even after further drug trials. Larger cooperative studies are needed to better understand the risk factors for outcome and the neurobiologies underpinning pharmacoresistance so that this modest but encouraging picture can be improved.
